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(57) Abstract: A method of separating, 
concentrating or purifying uniform carbon 
nanotubes with desired properties (diameter, 
chiral vector, etc.) in a highly sensitive manner 
by the use of structure-sensitive properties 
peculiar to carbon nanotubes; and an apparatus 
therefor There is provided a method of 
separating, concentrating or purifying carbon 
nanotubes with desired properties contained in 
a sample, comprising the steps of (a) irradiating 
a sample containing carbon nanotubes with 
light; and (b) selecting carbon nanotubes with 
desired properties. In a preferred embodiment, 
the light irradiation of the step (a) can be carried 
out in the presence of a metal so as to cause 
specified carbon nanotubes to selectively induce 
a photocatalytic reaction, resulting in metal 
deposition. Further, in a preferred embodiment, 
a given magnetic field can be applied in the step 
(b) so as to attain accumulation or concentration 
of carbon nanotubes with metal deposited. 
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— C7T/V3r/K CI— C8T/V3r/K CI— CI — ClOT/l^/K CI — 
CllT/V3r/V3;fcteCl— C12T/V3r/K CI— C2®^§^7cT/V^r/V, CI— C3g 
^£tLfcT/^3VK CI— C4m.W&tl?z.T7V3r/V, CI— C5g#£tLfcT/l^r/K C 
1— C6g^tL/cT/Vdr/V, CI— C7g#£;H^c771^r/K CI— C8g^tvfcT 
/V=¥/K CI— C9g^£tl^cT/V^/K CI— ClOWM^fhti T/V^c/V^ CI— Cll 
©m$tbfcT/V^/^7t{iCl-C12gm$tLfcT/V^/V-efc«9#^o --^\ m%-\3i 

^Ic5£U ^f/V(CH -) N ^/V(C H -) , n-7°nt°/V(CH CH CH -) , ^JZf 

3 2 5 3 2 2 

nt>((CH ) CH-),n-7'f/V(CH CH CH CH -),n-^yf;V(CH CH C 

32 3222 32 

H CH CH -) x n^i/;V(CH CH CH CH CH CH -) N n^f/KCH C 

222 322222 3 

H CH CH CH CH CH -) „ n-^^f^(CH CH CH CH CH CH CH CH - 

222222 32222222 

) % n-7^/V(CH CH CH CH CH CH CH CH CH -) „ n-f^(CH CH C 

322222222 32 

H CH CH CH CH CH CH CH -) ,-C(CH ) CH CH CH(CH ) N -CH C 

22222222 3222 32 2 

h(ch ) t£¥fim^&th%o m*.t£. ci— cioWM^fvk.T;v^;vt\^ CI 

3 2 

[0052] ^BHjHB^lCjaWC Tig^T/V^/Vj H\ CI— C6T/Vdr/V"efct)^ 0*lXf3\ CI 

*fcteC2T/V3vV-efo5 0 
[0053] *Krffl#^*5V >T r^nT/Wf/H SS»5tSr^rrST/V^/WSrV >5 0 

^ttfcv-^nT/V^/V?rV^5o Aft^JirbTfS, C3— C4v^nT/V3r/K C3— C5 
i/^nT/V^r/V, C3— C6i/^nT/V^-/V, C3— C7^nT/V3vK C3— C8^n 

C3— C9^PT/l^;V', C3— C10i/^nT/V^r/V. C3— Cllv^nT/V 
3r/K C3— C12i/^t3T/V3r/K C3— C4g^tifc^nT/V^r/V, C3— C5g^ 
^fc^P7;l4/K C3— Ceg^tb/cv^nT/Vdr/K C3— C7g^$^lfc^ 
nT/V^r/K C3— C8g#$^rt^nT/V^r/V, C3— C9g^$^b7b^nT/V^r 
/K C3— ClOg^tbfc' ^nT/V^r/K C3— Cllg^tbfcv-^nT/V^/V^fc 
«C3— C12g^$^^^nT/^/V-e$3f9#§ 0 0tlx.fi, ^^T/V^^LTtt, 
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[0054] ^:K^#^-*3V^T^T/^^/^J^«, ^ntvyci^*, ^rt^^M 

n 2n-l 

/V^r-/V^V^5o ^WdirLTti. C2— C3T/V^/K C2— C4T/Hr^/K C2— 
C57VV^/K C2— C6T/Hr^/K C2~ C7T/Hr^vK C2— C877Hr^/K C 
2— C9T/V^VK C2— C10T/V^/K C2— CllT/V^/V*7t«C2— C12 
T/V^r~/K C2— C3U^titcT^^U, C2—CAWM£fltz.T;VSr~;V, C2 
— C5g^£tWci77^— /K C2— C6g^£iLfcT/^— /K C2— C7g^£*Lfc 
T/V^r— /K C2— C8g#$ttf'T/V^r—/k, C2—C9WM£ttf'T;Vr^;V, C2 
—Clom^tlf'T/USr^/V, C2— CllM^$tLf'T/V-^/^fc«C2— C12g 

2-10{i-g-tpM*7t^^^^T/V^/V^#^L. If^/KCH =ch-k ry 

2 

/KCH =CHCH CH CH = CH-^if^^[J^$tL?)o *fc. $lxJ^ C2— CI 

2 2 3 

[0055] &WMmz&\, ^T r^nr/v^/vj fctt, #^:*it^Wi-5T/v^/v^v ^„ r 

(Dti^W:^tif—y^T7V^ /v&x n5 0 ^WiJ^L-Cfi, C3— C4^n7;^ 
/V, C3~C5^tzT/V^/K C3— C6>^tiT/V^/K C3^C7^d7;V7-= 
/K C3— C8^oT/V^vK C3~ C9S/i7P7;^;V, C3— C10^o7;V^ 
— /K C3— Cllv^T/H^/K C3— C12v^nT/V^vK C3— C4g^$tv 
fcv^nT/Hr^/K C3— C5g^£;fxfcv^nT/V^vK C3— C6®^$tW*r>^ 
P7;^-;V^ C3— C7g^£;TLfc^nT/H^/K C3— C8g^$^f— >^nT/V 
C3-C9g^$^7t^^n7;^-/V, C3— ClOg^ifXTtv^nT/^r— 
/K C3— Cllg^nfc^nT/Hr— /V*fcteC3— C12g^£tWjL>^nT/V^ 
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[0056] lfWMm\z.^XST/v^/v\b\^ 7tfvy©i?4 4 ^rti-Hl^- 
$£^c h --e^&frs n«2j^_h(DiE(D^#:-efe§) 0 m^tifcT^ 

n 2n-3 

^/vj tit, ^T^m.^i-^m^&i^x^xT/^^/u(Dmm^nfcT^^^ 

^V>5o JrffflirUT^, C2— C3T/V=3r^/K C2— C4T/l"¥~/K C2— C5T/V^r 
=/K C2— C6T/V^/K C2— C7T/V3r^/K C2— C8T/V3r^/K C2— C9T 
/Vdr^/v^ C2— ClOT/V^/K C2— CI lT/V^/K C2— C12T/V3r~/K C2 
— C3g^£;TLfcT/V3r~/K C2— C4g^£;ft7t:T/V= 3 f-~/K C2— CbWM&flti 
T/Vdf^/K C2— C6g^£tL7iT/l^r~/K C2— C7g^£tW::T/l^r— /K C2 
— C8g^£;TL7tT/^-7K C2— C9m^£;fLfc77^-/K C2— ClOg^tb 
fcT/V3r^/K C2— CI l^^tL7^T/^^/^fcf*C2— C12^^$tLf'T/^ 
^/V-efe«9#§ 0 ~~T5\ mk?, C2-C10T/V^/V<k{i, 

Of@-^ti>ii:^*ri«^^^T/Vdr^/^#5feb, xf^/KCH-C-), l-7°nt° 
^/KCH C = C-)^if^^§^o *fc, 0!l;Ltf, C2-C10gm£tWcT/V3^ 

3 

[0057] ;£lK*H#t-;&v^rT/v^^j^ T;v^—;vm.(D\iYxi^m(Dy^mW-^ti^ 

n 2n+l 

(DHfrm^frlfcT/P=i3c^&\^ 0 MfcMtl^X^ Cl— C2T/V=3df-iy, CI— C3 
T/U=i^y, Cl— C4T/V=f^>, CI — C5T/V=3^>, CI— C6T/V=3^>, CI— C 
7T/^^y, CI— C8T/V=3^rv-. CI— C977V= 3:3 rv\ CI— ClOT/V^v^ CI 
— C11T/V=t^>, CI— C12T/V3dr^ CI— C2®^$tLfcT/V3^^, CI— C3 
g$l£;fxfcT/V=3drv\ CI— C4®ife$^lfcT/V=3dr->, CI— C5®^$^bfcT/V3 
=3r>\ CI— C6g#$^7tT/V=!^, CI— C7gife$n7tT/V^^r^, CI— C8g 
^tLTtlT/^^r^, CI— C9M$:£tLfcTsU=i3ci/, CI— ClOg^^fcT/l^dr 
v/, CI— Cllg^^T/^^^fcttCl- C12M^^T/^^-^fe(9# 
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3 0 m%-t£. ci-cior/^^^^^ m&mtti—ioBizttWMitftte 

3 2 5 

^(CH CH CH 0-)fc£faS^;^&h/5o 

3 2 2 

[0058] ^JW#^*sv A T r^^^^j ^#<w^t?«3[fcflB&Sr£t? S-Cfeot, 

H\ C3— C4^*gi^ C3— C5j^fftgt^ C3-C6^*#S, C3— C7^*3t^ 
, C3~ C8mmm&. C3-C9^*gtS, C3~C10^^^ C3-Cll^#mS 

, C3— ci2mmm^ C3—C4mm^ntc^mm^ c3—c5WM£titci%mm 
C3— C6m^titc^mn^ C3—C7m^titcmmn^ C3— csg#$ 
twb^st^ c3-cm&istiiz$kmmm. c3-ciom^tit^mmm, C3 

mn^t\sxu^ 7^/^mfrb7kmw^&imx^fch<Dtim^&nz> 0 ^x% 

[oo59] ^waw-^v >r r—^n^^j tfe, fem&£xj^Tvmtth&ttmfttfm& 

-CfeoT^M^o-CV^T^j;<, l^^thX\^Xh2^X±^fhX\^XhX\\ 

mm*, ^mm^t^w^mm^xmn, ^xmrn^tc^m^xhrn 
C3— C6^mm^ C3—C7mmm^ C3—C8mmm^ C3— c9mmmM 

, C3-C10^*fgt^ C3-Cll^*it^ C3— C12^*gt^ C3— C4gm$ 
;h^c^*gtS, C3— C5g#$^bfc^*^, C3-C6^m$tL^*^, C3 

-C7gm^tvfc^^ms, C3-C8mm^tit^mmm, C3-C9mm^titcm 
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mM&, C3— ciom^ntc^mM&, C3~ cnm&:&tifc$<mM&£ftfeC3 

[oo6o] ^mmw^^^x^y^/^mitn, ce^^m^^mm^x^, ^^v^ 
[oo6i] ;£wiH#t-:&v^ i%mmMtifc.n^^um^te, rm^m^n^x^Kim^ 

^ygm ( = o) •gfcfe^tty ( = s) xm%%> 0 

[0062] jf.mmmz.te\^^nf^\t\$, mmm^n^-t^^m^) ,mm(c\) , 
(Br) , a) (D^m<Dii^com^ ^ Q 

[0063] ^bjbiS^^v ^x rtKt^>j -OH-e^$tt^^v >5o rg^tifctK^^r 
[0064] ^mMm^^^x^yr/iti^ -CNxm$tiz>M&\<^ 0 r^hnj^ -no x 

2 

ie£ti^S£v^o rr$yj^«,-NH -«£*l;5S^5o m^ntiT^/iti^ 

2 

[0065] ^C^|H#^*5V ^X r^/V-^^i/j r^/k/J^vvkj £ -COOH-e^tvS 

[0066] ;£l«#^:Jol r^J-^/l^a^j ^/WsK^^O^^JE^Sr«fEllJ^ J f 1 'C 
gifeU£:S3rV>l\ -C( = S)OH N -C( = 0)SH*7t«-CSSH-e^$4x#5 0 Tg 

[0067] ^mMiWrp, rrv/wj £f* x ntvifr— Mzffifs, rr/v^/vj dsSf^bfer/i^/^ 
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„ T-fc^/K n-v^nyV-Y/K i-^n^V-lVK n-:/^tM7K t-^^W/K */?xi~? 
ny V^f/K S/prrffM^ We-^/fM^ ^p-^HJV^iVK ^<^yV/K a 

[0068] *mj!W*^*5v rr^Kj irte, r^^ro^i^s (r^/vS) ~?m&utm 

X&V, 0*b<tt, -CONH -e^$tL6o r©&£;frfcT5Kj£te, T^K^g^^t 

2 

[0069] ^mmm^m ^x r^/^^j ^ t/i^k^ xxMrhxDim&zibZr- (c 

[0070] ^IH^&V r^^/k^/H ^7/V^/V^*d^^*J©^«^ 

^gmuc*-e&>*9. #tt*-(c=s)-^tp 0 ^#/v/jwwm. ^^h>- 
[0071] ;£W*H#^*5V >r r^/v^/vj tit, i&Vtmx&z-so -^t^h^m^fc 

2 

[0072] ;£WlH#^:JoV *x r^/k^-/H £f3\ #ttX-e*>S-SO-^tp^(D^|^L7^ 

[0073] *Mlffl«^*5v^-crry-/H<^^. ^#^^t:^K*^^M-^i-§^K*J^^^i 

nx\ ^Tv—/^&MM-r% 0 
[0074] ^mmmiz.^ ^x r^rnry— /h 
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[0075] ^jsb*^*3v ^-c r^^/vj ^ #tt*-cfc5-coo-^t?t(^^m^L^ 

[0076] ^MjSB*^*5V ^X TtK^SJ -OH-ei§fl5S^V ^„ IfcKndp 

[0077] ^jW^^v^rr/^— /vj^tt, Jli»JfeK>fb!k3(f©i*fett2^_b©*3tfJS 

lyCi*. 0g*.frf, /K 3#/—tV, l-^n^v— /K 2-yv2s<y—/W£¥&m 

[0078] ^PJBIS^^V rr/v-r tKj irte, W^^*v5^HO^t?fc<©^ffcUfcfc 

[0079] *Krffl#^*5V *X l"T^J fctt, jy^^TNH ©jfca&JJi^&^fbfcaR 

3 

[0080] &%&m fc*5i vc r#/i^v^j ^ <WN4^"C*>5-cooHSr^tft>©SrJl»^bfe 
[0081] *M3»i#^*5v n t rr^y^j ttt, 3^<D^<DT^#3^<Dt>o~et> <tv \ w$# 
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^xm&fe^m^itizn^^T^m&MMir^ ^mr^ym^mk^x, s;v 

^T^/mtrnm^m^xmrnir^t^^^o ^mm^n^r^ymm. &m 
mxvmistix^ ^xhxi \ 

[0082] ^cMjW#^*5V rr/^/wo^Vj ^y^XDT/v^/vm^W-X-m, ^< 
[0083] ^jW^^jSV^Tr^l^^jitt, (c H ) ©E^tt5^ft*i^Ii*U 

5 8 n 

Am&xxfA'mfe, m^x&oxhmt£ox\^xh£<. tn^nm±Lvx, ±xm 
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mm^—^v-a^ ^mmw^^^x^ r^— ^r;vm.\t^m 

[0085] *MlH#^*5v^-cr^vj^^, ^K*^^*»^-efei9, ^m^m^zx 

[0086] ^P^IH#^*5V ^T r^-tf— /Wj tKndr^S^^*J®^-«^^--egifeb 
[0087] ;£I^H#^:£>V^ CI, C2, , , Cnft, ^Hc^^o tot, CI te^iM 

[0089] ^w#b#^*3V>-c»:, #te:-aR#fcv^^ iili, fc5tift^*fci4Ii 

&2^m^x2m<7)WM^wM-f%~th*jmx&% 0 

[0090] ^PJlH#^*Dit^g#*^b-C«, T/V^r/K ^n7/^;V, T/V^/K l/^n 
T/v^/K T/v=¥^/K T/V3=3fiX, j^mMM. ^^MM. ^vffis, fcKn^>\ 

/k s^ta ^hn. t^a #/v#^a #/w^^/k ts/vk t^/kt^a 

[0091] *M3»i#^*5v n t r^sj^j tit, t-y^^;v^;v<D^tmm^, om 
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[oo92] ^mmm^m ^x m&mKfoi t-^h^y ^^^cox^mm&^m, 

[0093] *mw<D&jjm\z*s^x^ n mt-rz&f&to^ R^m^h^mm 

, ^^»-e«ffl$tb^^(^x.«, Hi®, sfc#, 

itii, te£ix&&xi,it&\c mmftmxmmznz&^m 
irmmx-i^ mm, mm. mm. ttm. tai, w^w^^—t^) 
xmmvxmmu^o 
[0094] m^\^mmnm<D$m) 

&ltk. *mm<Dfftt^\<^mMMi&K^^xnmir% 0 

[0095] loOMffifcSSWC, #3BWkJ\ «T©I@:a)*- jtfw-y^a— ^«r£t?*tfl> 
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[0096] ^bl^W^gi^^T, X@a) ^tfS^JRUWfit, T'Cff fetbS 

fc^VN, rtUU;^ _h|B^&<DX@a) t^ttS^JM^J:^ Jg**fc*5VvC#£ 

m<Dnm&m9arz^bK£y, ^(^s-ixr*, mm* 

jB4R$*l5o *3SM-Cfi[ffl*tt5^«J^JRi:bT, fllfcif , Fe, Ni, Cu, Ag, C 
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[0097] lo<D0i£Ll^»^i^:&v^ X@b) Ktetf&Jj—^y-y^-^—y^mtfm 

[0098] B>J^0*LV ^llBltC^V vt, X@b) ^*5(t^^-^V^/^^-^^M^{* 

, m^<D^n^Y^yy^—\z.^Xff^n^> 0 
[0099] £5 x@b) \z.&tf%%—?$i/^;^^7*cDm$m, mm&m v >rt >b 

[oioo] ^^so^iimti^^v^t, ^mmz&if&mm^ (Dmm^mwMte 
, mm^.tmmmrr^mn, mm^th^-^^y^-y^nm^t^tm 

#M^«58fc&n$*L#5o #3BWfc:fctt5ft^ftPfe# 
h>-X(TritonX-100), T;V^;V^;V^ly^M, tfV^T^ci/^^-U^T/V^/V^—^ 
^^/vhy^/vT^e—'^ y^/vy^y—zv^h^u—K ^rP^yvy^/vtfl 



onx-ioo) tmKtfr&Lw m&wz.&i-fzRmm&m<Dmm*. mm-rzwrn 
fe&m^m^mm (cmc) i^±<Dmmx\ ^-^y-y^-^-y^^^m 

[oioi] mfcmz—^y-y^-^—yit, &b®%WMfcttvxnM&&^te^t&%\ 
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isXttzmffifcittfmfcmmft*-?. -r^*^ y^mw^tc 
*lv ^»it^v vr, ic*3»t« <D&rw.<Dm n<Dm& (m 

££k^t?*§^-e&5„ mmz.mirz>&m47f><Dmm.u, o. ooi-io%dw* 

IX, 0. 05— 5%as£t>fc£f*L<, 0. 1— 1%^#^^LV\ ?§?SlJ:*3lt5^JR^ 

[0102] 0*bv>^J6?^1!S(2:*3V>-c, )^Toig:a)*- *KWv^— ^Srg- 

[0103] HfJfeLT#^:J:55&*3SM©*'ifelJ:«t«?, B(fM^^-^0fM^^tt(M*5J;tK77 
&X%Z> 0 *fc, _hfE^m^J:«9, ffiM<Dt%— tef%m<Dm&(W&&£Tfi#'{ ! ?A^? 
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o 

[0104] ^mm<D^mxnhntc^-^>-ry^-yi^ 3c&fo±\mMmfettfe% 
[0105] jfmnmmmm^^-t^ A)*—^i-j^^—7*&^trnn(DmAn;B)m 

[0106] 0l£l>^M£t!^:JoV^ 3M£B) ft, :/_h^JS£#f ffi£ 

£it5J;5ft, «^^^*-e(Df«o#^3feM^ffl$^#^ (138) 0 

[0107] SlJ»0*bV^||»^^-*5V^-C, #g!C) te\ B^M^McD^ (M^iU^-f 

[0108] *v^-y^— ^^tp^^ci— br^-m 

[0109] *^0j!(D$^^^j(D|iife^i|-e», ^m*f^f5A^yy^^-/^^-^^^( 
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Xt% 0 ^J:9#S©^9/W<^h/^^5^— aKW-y^a— ^Sr^K, 

[0110] *»wo**5*^>i2isij©^jfe^-ett, ^WMi^-^f^iaot 

[0111] *M3lB#^33V^5lffl^fc, ^3Ciit #ff\ WfFttiMft^lMtifciftttu * 

*^^IS«$^fcOi:IIIC@S^^:M*ffl#^*5V ^X^bUXW. 

(Dmm K£<>x<D^(D^mdmm£n%^xfr%^btimM£ft%o m m^-it, 

m^^xmwmm&mmirz^k&x^z^btimmztiZo ^mmm^^^xm 

nx\^^(Dbmm^(D\Hm^mmmKMir^mnbvxmm^ti^^xh^ 
bdmrntstiZo 

(i. i jj-tf>~rj^—zf^<D&m$rM) 

*i\ atfWV^at.— ^(CarboLex AP-Grade SWNT[SWNT:MS50 
— 70%])£r N l%K^V/^^^hy?A(SDS)^?§}CT-e N 24°C, 12000rpm<D 
^#T-ei5^^®^^»aU -hm^ffe^y^^/V^- (pore filter 0 
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[oii4] z.(Dftmmiz.n*\ f i—kL,x, **s—Mftftmmxm&&£!tiM. Met 

hanol:99. 8%,ifMffi)^lS^O. l%£&3J;5^Px.fc 0 ^<D?§$^-< 
[0115] 1)0. 1M Fe(NH ) (SO ) 7kl§$? 

4 2 4 2 

II) 0. 1M CoCl ^K^-t 

2 

III) 0. 1M MnCl TK^-So 

2 

[0116] ^(Di^t-bri'tMbfcHam®^^, H?IC^#T-?\ ^B#^I5^ft785nm 

WV^l— ^M£Jj^P^m^lI»l (AFM) -elfi^L/c (BI4) 0 AFM<Dffl 
feKfe^JP/V^l/TSy/V^y (Digital Instruments) tt^NanoScope Multi 
Mode(TM)M^^^HM^fflV^iyt 0 ^^— K^-CaiJ^L, flHJffcfctNanoSc 

ope maSrfflv^ atfwv^-x— ^co^^LfcSS^SMTR (MilliQ^K) -eiE 

[0117] (1. 2 ^-*Vt/fa-7'©7vy^3fc) 

Lfco El5te, ^MWtrJ-KJSmf^^^— ^V^-y^-^.— ^(DRadial Breathing M 
odeC07^^^^h/V^i~ o ^tti«9140— 270cm" 1 ^#C(Dt°— y^TT^^ 
^h/V^^^^J;(9 267cm" 1 ^42t°—^^i-^^^^{bi-^r<l:^^$ttT 

v^ 0 ^tttt, i£^o. 9-i. 7nm^j£^ii:^*^l-3*»M#— 

— 93nm#3£t:\ ^o^-f^/V^lv^ (io, 3) (D^agf^tt 
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[0118] itftm7ia^ mm^M514nm{CXm^XFe4^^^n^tl^^^f' 
o ^frlh^&O. 9—1. 7nm(DlX\^m.^^^ir^mM^— #WV^— 
^^^^ Bt&O. 90nm#iff-e, /^o#-f^/V<^h/V;^(8, 5)<£>^JStt<^#— 

[0119] j^_h^j;«9, *-tfis^y^~-7^<Dm&tofflfim&mffiMZLfokmi^m& 

[0120] mmmz) 

m8fe*mm<D-mmftm&m^mmm&mx&% 0 3tem^^^«wm»f' 

fe^^l^fjfeM^fi^rtb^tLlOe^md 1), 785nmU2h 514nm( X 3)<7)M& 

mmtf^zmfeux-^^y^^-^mmm^FeiNH) (so) #0. im 

4 2 4 2 

Mm^mzMm^fc&mmz—^^/^^—y^^mxffifru mwx^t^ 

— #V~7-y^-aL— ^(D^^/^^h/V^^i - ^^* ^Radial Breathing Mode 

yfM-^/w^fvKii, 3), (13, io)^j^i-^— atfwv^— ^5^gX3 
^MMbfcgp^a2#^/w<^h/Ki3 ( i) ^^i-^^-^v^y^-^-^^it 

[0121] [^1] 



WO 2005/077827 



35 



PCT/JP2005/002085 



XI {1064 nm) (9, l)sc 1.13 eV 0.76 nm 326.3 cm"' 

\2 (785 nm) (ll,3)sc 1.57 eV 101 nm 244.6 cm" 1 

(13. 10)m 1,58 eV 1.59 nm 156.4 cm- 1 

X3 (514nni) (13, l)m 1.17eV 1.07nm 231.8 cm 1 

[0122] mMM4) 

mKm i M'tz>-b&x$tc 0 
[oi23] num. mMM2K^\^xytmM^}&^M^-~ ^fy^iaotffofc. 

F/n«^oti*©*-*vt/fa-y«i^fti:iKisi-is^ 
zz.t&x*%z> 0 ±mxmz£^xftMvtz.Mm&<Djj-- /Kwv^— 
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m^mm 

[4] ffffE3fete, i&sr zf±ic4£m&$rM£ J £Z>£?ts:, j&^m^m^ 
[6] ffffBX@a) l!i*5tt«3fcfl8l*H:, ^JR^^T-CfTt?^, fit^l fcfB#<£>;fri& 

o 

[7] !&f&&«fiJ\ T/v#y^|i ; T;vm±M&M ;iiiA#i— viia$^ vm^*5j;t^lB 

[9] tfffBX@b) B\ ^n^h^97>f— ^ioT^TfcttS, Wjft^lfcfBfcO^i&o 

[10] ttf|E^«, If BfiH4^JSr$e>^tfiS»re*>«, SftfcSl l-IE«(D^ 0 

[in tffta#®i£tt^j«, K-rv/nM^-hy^ K^v/v^-trv^/v^^hy^ 
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ur^rrsi&fp^ri^fl&^^i^^-e, jHhT*^ ^^r3\ 

[15] StrlB^^*3it5^JR^^oaiSf*, 0. 001-10%^?fc§, ft^ill4^fBft 

[i6] mmykmm t PKmir^m^v^-—(Dmmt, o. 001— io%-e*>5, ft^iii4^ 

[17] ItnBft-^W-— tt, T^—^m, TV^m, T/V3r^>\ ^XT/l^tK, fcK9 

o 

[18] J^T<^X@: 

c) mm^tifc^—^>^-y^—y^m'mir^m, 

[21] ft ^il2^fE*(^^^J;oT, gC#*5J;^>r9/w<^b/KO^^<i:t>— 

[22] ^^<^99%(DMS-e, n:#*Dj;T3^^7/v-<yh/KD^^<^— ^^j— -e& 



WO 2005/077827 



39 



PCT/JP2005/002085 



[23] ft 5£jg2o Kmm<D* -#v-7-y^^-^^m*_h k mm m fe^xmhthz , 
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